ABSTRACT : Korean bullhead (Pseudobagrus fulvidraco) was collected from the Kum River areas of Kangkyung-eup, Nonsan city, Chungcheongnam-do, Korea, from April to June, 2012 and was fertilized in order to observe egg development and temperature-related cleavage rates and mitotic intervals (τ 0 ). The fertilized eggs were separative, demersal and light yellowish with 1.5±0.06 mm in diameter, and did not contain oil globules. The first cleavage stages were 90 min, 80 min, 60 min and 50 min at 21 , 24 , 27 and 30 , respectively. At higher temperatures, eggs developed faster and underwent further identical development. For Korean bullhead, τ0 were 33.4±2.08 min at 21 , 31.5±3.06 min at 24 , 28.1±2.11 min at 27 and 26.4±3.35 min at 30 . There were strong negative correlations between the τ 0 and water temperatures at all points studied (Y= 1.13X+58.15, R 2 =0.98, n=30, where Y is τ 0 and X is temperature). The results obtained in this work will be helpful for chromosome manipulation by use of cleavage frequency data and τ 0 data in Korean bullhead.
INTRODUCTION
The Korean bullhead (Pseudobagrus fulvidraco; Fig.   1 ) is a type of fish with over 205 species within the family of Bagridae, the order of Siluiformes that lives mainly in the fresh water area of the continents of Asia and the parts of Africa (Kang & Lee, 1996) . The Korean bullhead lives under the water of mud of a river of gradual slope. The Korean bullhead is a nocturnal fish that hides mainly under rocks and starts being active at night, and it lives off of small animals such as the eggs of other fish, prawn. The egg laying season for the Korean bullhead is from mid May to mid July and this species takes 2 to 3 years for the matured eggs to spawning (Lim et al., 2008) . Within Korea, the Korean bullhead lives mainly in the rivers that flow to the Yellow Sea. It was usually
Temperature-dependent Index of Mitotic Interval (τ 0 ) for Chromosome Manipulation in Korean Bullhead, Pseudobagrus fulvidraco resulted in the huge seed production and culture in the Jeollabuk-do and Chungcheongnam-do, Korea (Shin et al., 2000) .
The inhibition of the first cleavage is a method of chromosome engineering. Chromosome manipulation can accomplish a short term maximization in the increase of productivity of culture (Mair, 1993) . The inhibition of The first cleavage is used in the induction of the tetraploid of the chromosome manipulation, the mitotic gynogenetic diploid, and the androgenetic diploid; at this time, for the efficient inhibition of the first cleavage, the time of inhibition of the first cleavage that depends on the water temperature must be measured (Mair, 1993) .
The induction of the parthenogenesis of vertebrates has been induced by poking the unfertilized eggs with a needle (Park et al., 2006) . Afterwards, dealing with the cold shock has been decided to be effective at inducing the parthenogenesis by suppressing the first mitosis, which is the first cleavage in amphibians (Park et al., 2006) . Also, the doubling of the genetic materials of gynogenetic haploid is possible by suppressing the second meiosis and the first cleavage; The suppression of the second meiosis is possible by dealing with the temperature, water pressure, and chemicals that are induced from triploid for certain fish, and the suppression of the first cleavage is used by a combination of the treatment of high pressure and water pressure when inducing tetraploid (Komen et al., 1991) . Streisinger et al. (1981) induced homozygous mitotic gynogenetic diploid zebrafish (Zebra danios) via dealing with high temperature and hydrostatic pressure at the first mitosis, and Onozato (1984) produced mitotic gynogenetic diploid in salmon via dealing with hydrostatic pressure. When inducing gynogenetic diploid, the effective suppression of the second polar body release and the first cleavage can be different depending on the type of fish used, pressure applied, and time exposed (Thorgaard & Allen, 1987) . Since the Dettlaff unit (τ 0 ) denotes the period of one mitotic interval during the cleavage that occurs simultaneously in the beginning or the separation between two continuous cell divisions , the τ 0 differs depending on the temperature, through the regression, the relationship between the τ 0 and temperature is predictable developmental stages within similar reproductive species (Dettlaff, 1986) . 
MATERIALS AND METHODS
The broodstock 
RESULTS AND DISCUSSION
The average length and weight of broodstock of Korean bullhead (Pseudobagus fulvidraco) were 11.9±1.81 cm and 64.1±2.87 g (n=20) for females and 9.4±1.16 cm and 49.9±1.06 g (n=20) for males (Table 1) . Gonadosomatic index (GSI) for females was 10 times greater than that for males as it was 20.2±1.43% for females and 2.3± 0.78% for males, and hepatosomatic index (HSI) for females was 20% smaller than that for males as it was 1.0±0.49% for females and 0.8±0.19% for males (Table   1 ). The average number of eggs was 1,573±425 eggs/10 g egg weight. *GSI (%)=(weight of reproductive organs/weight of fish)×100; HSI (%)=(weight of liver/weight of fish)×100. Also, the optimal HCG turned out to be 10,000 IU/kg BW and this is higher than what is found in Hwang et al. (1999) . Therefore, in order to improve the accuracy of the study, HCG was used rather than LHRHa that is often used in spawning inducement in the parental females.
The fertilized eggs of Korean bullhead are spherically separative with transparent membrane. The egg has mucous layer on the surface so that attachment can be easily done. Also, the egg yolks are light yellow without oil globules (Kang & Lee, 1996) . The radius of Korean bullhead egg was similar to what is found in Kang & Lee, (1996) (1.5±0.06 mm, n=30), but was smaller than that of far eastern catfish (Silutus asotus) or Korean rose bitterling (Rhodeus uyekii) (3.8±0.04 mm) and bigger than that of black plaice (Pleuronectes obscurus) (0.8± 0.01 mm) (Park & Im, 2010; Kim et al., 2011) . fertilization, the frequency of cleavage increased gradually and appeared the 50% frequency of first cleavage at 120～125 min after fertilization, and was completed at 150 min after fertilization. Therefore, it appeared that it took 60 min for the first cleavage to be completed. 28.1±2.11 min at 27 water temperature, and 26.4± ℃
min at 30
water temperature (Fig. 3) . In the ℃ developing Korean bullhead egg, as shown in faster and that more males than females were developed (sexual ratio of 7:3) than control group (Park et al., 2003 (Park et al., , 2004 . In conclusion, the results from this study, the early study of Park et al. (2003) and Park et al. (2004) would be useful in improving the accuracy of chromosomal manipulation through sex changes and in developing a way to enhance hatching and growth in larvae. 
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